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FEASIBILITY STUDY ON FREEZING AND HANDLING 
FRESH HAMS IN CORRUGATED FIBERBOARD PALLET BINS 

By B. H. Ashby and George M. James 1/ 

SUMMARY 

The feasibility of freezing fresh hams in bulk lots in fiberboard pallet 
bins for subsequent frozen storage and shipment to processors was tested. Bin 
loads of fresh hams were treated with CO^ snow or equipped with an air column 
in the center to assist heat removal. 

The freezing rates of the bin loads of hams were tested in two types of 
freezer rooms: (1) A conventional blast freezer room and (2) a forced-air 
freezer storage room. The bin loads of hams in the blast freezer froze at a 
rate fast enough to provide a low spoilage risk. Whereas, in the forced-air 
freezer room, where the air temperatures were higher and air velocities lower, 
the freezing rate of the hams in the pallet bins was not fast enough to 
prevent the risk of spoilage. 

It would take approximately 8 days to freeze a pallet bin of hams to an 
average temperature of 0^ F in a blast freezer using either CG 2 snow or an air 
column to assist refrigeration. Freezing fresh hams in pallet bin lots does 
not appear commercially feasible in terms of energy and reduced utilization 
of blast freezer equipment. 
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INTRODUCTION 

warahoSs^itJl^t'iSal^lL^fn'sSr'arLd": “ rafrlserated 

fiberboard pallet bins hac? HoiroT a ■ ^ on to processors in corrugated 

the 1,70's.^ Jp - u^Sfo^rireThLrir: jandlL^^ 

pallets for freezing The hU. tl f a hand-stacked on wood 

hams. After freezing and sJorL process of unloading the 

are loaded In Sr T””''"' 

Potential existffor eLnomL^^aviJgs S^JXr "°d^ Pl^nt for^ curing, 

improved sanitary handling if the hL. packaging materials and 

distributed throih Se eLSe wSSl ="'>aaquently 

origiual bln In whl=rthS were SSLrSd 2 T ^he 

associated with commercial bulk freSSrofS''’’’’®'^' *‘°"a''ar, many problems 

potential benefits. freeting of hams may offset what appear to be 

transLS cLSaSSrlsSSs^Sf pSSrSrcSae’S" aP-aarnlng heat 

during freeclng. It is difficult, however’ to ule tV 
predicting the freezing rates of fi-ooin k ’ , information in 

bins under commercial operating conditio^^ Packed in pallet size fiberboard 
additional variables affecting heat rpmn i f there are a number of 

little or no background rLeScl^ M^r « 

thermal resistances of the corrugated bin"*^thr’^*'i variables are the 

air trapped in cavities between the meat cuts hin liner, and 

wrapper, for example, was found to more than a ^ polyethylene 

or cubes of ground pork compared to unwrappef cu^L required 

-at t;°ttu::^tSkn:::^ 

fillets from 1 to 2 inches incrSeftt thickness of packaged fish 
from 60 to 180 minutes. 3/ The imnlicatio ^ plate freezer 

pallet bins of hams wherl mass th^ 

Food Technology, pp. SOS-Ss^^^WSs!’ Freezing and Thawing Meats. 

Heating, ^ Air Condy^EX^ouS^No^^X^Pp. ^43-48,^^^^^ 
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To determine the feasibility of freezing fresh hams in bulk lots in pallet 
bins the following questions need answering: (1) Can heat be removed from the 
bin loads at a sufficient rate to prevent spoilage? (2) If so, will the cost 
of refrigeration be prohibitive? (3) Will the processor be able to separate 
t e in ivi ual pieces of meat for thawing without the use of excess labor 
or specialized equipment? This study attempts to answer these questions. 

PROCEDURE 

. Midwestern meat packing plant and a public refrigerated warehouse, 

feasibility studies of freezing fresh hams in fiberboard pallet bins were 
conducted. Preliminary freezing tests in a commercial blast freezer had 
s own that full pallet bins of meat would not freeze fast enough to prevent 
spoilage without either modifying the bin to assist heat removal or using a 
supplementary refrigerant within the pallet bin. For this test, three 
methods of supplementing or assisting blast freezer refrigeration were used: 

carbon dioxide (CO 2 ) snow over each layer of hams in a bin; 

(2) inserting a perforated fiberboard air column vertically in the center of 
a bin load; and (3) using both CO, snow and an air column in a bin load. 

(Figs. 1 and 2.) ^ 



Figure 1. — A perforated fiberboard air column inserted 
vertically in a pallet bin of hams to assist freezing. 
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figure 2 .— CO 2 snow placed in a pallet bin of hams 

assist freezing. 


lined with a polyethrtenf bae° diMnsiona of 45 k 38 w 36 Inches and were 
the U- to 17-poLd ji5 t rLe i” 

polyethylene was spread over efch lltj “2 n “£ 

from freezing together in a single mLs and “. 5 ’'®''®“' the entire bln load 
hams from the bins. One hundJ3 poun^' 0 ^ 0 ^ unloading the frozen 

receiving this treatment. In bins uslL fir co^ « hin loads 

sides. The air colnmL werf cofstmcfff ff 

were open to act as flues for air circulation. ^ ®''‘*s 


As the hams were packed in parh K-im e-u 
the center of five hams in each bin to were inserted in 

thermocouples were placed in equ^lv sZttT ^^“^^’'^tures . The hams with 
from top to bottom corners across eLh bin running diagonally 

time they were packed in the bins ranged from 320^^^420 pf 

refrigerated^waJehouIe!^ The^six'^bin^Lidr Th^ trucked to a nearby 
Each bin in each set received oL S Jhf th?L """"""" two sets, 

supplement refrigeration. One set of rHn ^ indicated treatments to 

^ conventional blast freezer room with^h^"^^ hams was frozen for 
the bins. The other set was froMf^ffrTdal!f“ sH blast over 

with air blowing vertically from cellffg tf room 


6 



ranged^from^-120^to^-23°%^a^H^ freezer room with horizontal air movement 
^on inTf I T/ t°P "he bins ranged from 

fl ^ "he bins, and 100 to 

^ ough the center columns. Temperature in the forced-air freezer room 
wxth vertxcal axr movement ranged from -2o to -120 f, and air speed around thf 
bxns ranged from 125 to 200 fpm and 60 to 90 fpm through the ceLer columns 

RESULTS AND DISCUSSION 


^ j temperature relatxonship of hams during freezing in the three 
test bxn loads xn each of the two types of freezer rooms and for the three 
methods of supplementary refrigeration are shown in figures 3 and 4. 


Three curves are plotted for each bin showing (a) maximum — the center 
temperature of the sample ham with the highest temperature reading; (b) 
average the average center temperature of the five sample hams in the bin; 
and (c) minxmum~the center temperature of the sample ham with the lowest 
temperature reading. 


Effect of Refrigeration Assists 

Of the three methods used to supplement or assist the freezers in 
removing heat from the bin loads of hams, no method showed a marked advantage 
over the other. In bins where CO 2 snow was added the center temperature of 
hams reached the 30 to 35 F range approximately 6 hours faster than the 
center temperatures of hams in the bins where just an air column was used. 
While the initial temperature reduction was slower in bins using just an 
air column, at the end of the 5-day freezing, the temperature of the meat 
in bins with just an air column was nearly the same as that in bins treated 
with CO 2 snow or a combination of CO 2 and an air column. In heat removal 
combining both the CO 2 snow and air column provided little or no advantage as 
compared with using either CO 2 snow or an air column alone in the bins. 

(Figs. 3 and 4). 


Effect of Type of Blast Freezer 

As expected, the meat in the conventional blast f 
temperatures ranged from -12° to -23° F and air ve’i'^'- 
faster than meat in the forced-air freezer storage 
ranged from —2° to —12° F and air velocities were 
that the average center temperature of hams in the 
freezing (28° F) about 12 hours sooner than those 
room. 
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air col um n 


in bin load 


air column +• CO^ snow 
in bin load 


CO^ snow 


in bin load 


igure 4. — Freezing curves for three pallet bins of hams in a forced-air 
freezer room at - 2 ° to -12° F and air velocities around the bins ranging 
150 to 200 fpm- The average curve is the mean temperature of five hams, 
whereas the maximum and minimum curves represent the temperature of a si 
ham. 





The freezing curves showing average temperature in the bins plotted 
against time all show a steady rate of descent after about Ih days of freezing 
(figs. 3 and 4). Assuming linearity in these curves from this point, the 
regression of time on temperature was calculated. The regression lines in 
igure 5 predict that it would have taken 8 days for the hams in the bins in 
the blast freezer to reach an average center temperature of 0° F compared 
with 11 days in the forced-air freezer room. 


The freezing curves depicting the maximum temperature (figs. 3 and 4) 
within the bins are critical, since they represent the deeper locations in 
the bins or areas where heat removal is slowest and spoilage is most likely 
to occur. Spoilage of chilled pork results from the psychrotropic bacteria 
inherent on the surface of meat. These bacteria may cause the development of 
discoloration and off-odors at temperatures below the freezing point of 
meat (28° F) . Although, as a general rule, fresh pork sanitarily slaughtered 
and rapidly chilled to and held at 30° F or below will keep up to 1 week 
without spoilage. 4/ 

Center temperature of hams in the deep locations in the pallet bins in 
the forced-air freezer room did not get below 30° F even after 5 days of 
freezing. Therefore, freezing in a forced-air freezer room at temperatures 
above -12 F and air velocities below 500 fpm is not considered a suitable 
alternative for freezing full pallet bin~lots of hams. 

Center temperature of hams in the deep locations in the pallet bins 
in the blast freezer were all below 30° F within 2% days. Under well- 
controlled conditions bulk bins of hams could be frozen by this method 
without serious risk of spoilage. 


Separation of Frozen Hams 

Unloading the bulk bins did not present a problem when the meat was hard 
frozen. A blow from another ham or a mallet easily shattered the ice holding 
the hams together. On the other hand, if the hams were only partially frozen 

or thawed enough to allow the skin to flex, it was very difficult to separate 
the individual pieces. 




W. C. Food Microbiology. McGraw-Hill, New York, 
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CONCLUSIONS AND RECOMMENDATIONS 


Fresh hams well chilled (36° to 40° F) and relatively fresh from the kill 
floor can be frozen in pallet bin lots up to 2,000 pounds in a blast freezer 
with unlikely losses from spoilage, where: (1) temperatures are maintained 
at -15 F or below, (2) air movement around the bin is at least 500 fpm, and 
either an air column or CO. snow are used to assist heat removal in the 
blast freezer. ^ 

Distributing 100 or more pounds of CO 2 snow throughout each bin load of 
hams is recommended because of the bacteriostatic effect of the dissipating 
CO 2 gas and the ability of the snow to rapidly reduce the meat temperature. 

Although fresh hams can be frozen physically in pallet bin lots, whether 
it is economically feasible is questionable considering the extra requirements 
for expeditious handling, extra energy requirements, and reduced utilization 
of the blast freezers. Freezing hand-stacked hams in a blast freezer to an 
average temperature of 0° F requires approximately 1 day, therefore, freezing 
hams in pallet bins would require eight times more energy and blast freezer 
time. 


Other methods of freezing and handling hams in fiberboard bins may prove 
more feasible. A possible method is to partially freeze the individual 
hams to just past the point where the latent heat is removed (26° F) before 
they are packed in the fiberboard bins at the packinghouse and then finish 
freezing the pallet bin loads to storage temperature (0° F) in a blast 
freezer. More research will be required to determine the most efficient 
method for handling hams in this manner. 
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